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Relative X-ray Backlighter Intensity Comparison of Ti and Ti/Sc Combination Foils

Driven in Double-Sided and Single-Sided Laser Configuration

A. B. Bullock, O.L.Landen, and D.K. Bradley, Lawrence Livermore National

Laboratory, Livermore CA.

Abstract

Use of multiple backlighter foils and/or double-sided laser interaction geometry
with backlit imaging can result in improved backlighter efficiency. An experimental
comparison of backlighter intensity for Ti foils and Ti/Sc combination foils in both the
one-sided and double-sided laser-interaction configuration is presented. Spectrally-
integrated framing camera images show intensity contributions of front and rear
backlighter surfaces for both foil types. Analysis of time-resolved x-ray spectra collected
from foil targets show the relative contribution of Ti and Sc 2-1 He-like resonance lines

to the total backlighter intensity.




Introduction

X-ray backlighting with laser-driven backlighter foils is an important diagnostic
for laser-based high energy density experiments such as those using the Nova', Omega’,
and NIF® high power laser facilities. Experiments studying implosions* and planar
Rayleigh-Taylor instabilities>® make use of area backlighters in the multi-kilovolt x-ray
range. Experiments have examined the dynamics of laser-generated plasma in order to
understand and maximize x-ray backlighter efficiency’ as a function of laser wavelength
and pulsewidth. New techniques such as pinhole-assisted point projection backlighting®

will also benefit from improvements in area backlighter efficiency.

One method of increasing backlighter efficiency is to use a double-sided
backlighter foil. A thin backlighter foil is illuminated on both sides by a high-energy laser
pulse (I=10""° W/cm?), and the x-ray emitted from laser-generated plasmas on both sides
can contribute to the total backlighter emissivity. There are many advantages to this
technique. A double-sided backlighter foil can potentially produce twice the x-ray flux of
a single-sided backlighter at the same laser intensity level. This is very useful since
beyond a certain laser intensity level, laser plasmas produce excessive amounts of high-
energy x-rays which can reduce image contrast. Also, combining the emission of two

plasma in the line of sight reduces the effect of spatial non-uniformities in the plasma.



Furthermore, double-sided backlighter foils allow laser beams from both in front and at
the rear of the foil to interact with the backlighter, which is an advantage in laser facilities
such as OMEGA and NIF. In question, however, is the amount of x-ray intensity which is
lost due to backlighter foil reabsorption of the emitted x-rays. X-rays generated at the rear
surface may be reabsorbed by the foil as the x-rays propagate through the foil and out the
front foil surface®. One method of avoiding resonant reabsorption is to combine two
different materials to form a composite foil ‘sandwich’. By setting the loWer Z foil at the
rear, the line emission from the lower Z foil will propagate through the higher Z foil with
minimal reabsorption since its emission is below the absorption edges of the higher Z
foil.
In this paper, we study the emissivity of Ti and Sc/Ti double sided backlighter

.foils. The spectrally integrated emissivity from these foils as viewed from the front of the
backlighter is compared to that from a single-sided Ti backlighter. Similarly, the summed
emissivity of the Sc He, and Ti He, spectral lines for double-sided Ti and Sc/Ti
backlighters measured in the front of the foil i1s compared to that of a single-sided Ti

backlighter.

Experimental Description



The x-ray yield of Ti and Sc/Ti backlighter foils was studied with the method
described below (see Figure 1). The 2 mm square backlighter foils consist of either a 12.7
um Ti foil (see figure 1 (A)) or a ‘sandwich’ foil composed of a 7 pm Sc foil and a 7 um
Ti foil glued together with epoxy (see figure 1 (B). The ‘sandwich’ Sc/Ti foil is oriented
with the Sc at the rear and Ti at the front of the foil sandwich .Since the cold transmission
of the Sc foil is very low for the Ti He, spectral line (see figure 2), the Ti emission seen
from the rear of the backlighter is minimal. However, the cold Ti foil transmission is
reasonably high for the Sc He, spectral line, and a large fraction of the Sc emission can
propagate through the Ti foil without absorption. We would then expect the x-ray
emission yield to be far higher at the front surface than at the rear, and therefore the x-ray
yield measured at the front of the foil is the experimentally important value. Laser pulses
from the OMEGA laser (A=351 nm}) illuminate the target with two laser spots at the front
and one spot on the rear. The laser spot size is 250 um, the lgser pulse is a 3 ns square
pulse (AI =0.15<I>), and the laser illuminates each spot with 750 + 12 J. This produces
an average laser intensity at each spot of approximately 5x10'* W/cm®. The upper laser
spot on the front overlaps with the spot on the rear surface. The target is observed from
the front by an i—ray framing camera placed at an angle of 40° from the foil normal. The
framing camera has four microstrips, with 70 ps between images on a given strip and 750

ps delay between microstrips. This framing camera is sensitive to a wide range of x-ray



energies (2 keV<E<10 keV), and the framing camera sensitivity is a weak function of x-
ray energy in the range of 4 keV to 7 keV’. The pinhole array (20 um pinhole diameter)
in front of the framing camera images the foil plasma on the framing camera MCP with a
x4 magnification.

Similar targets were used to measured the time-resolved x-ray spectra of the foils.
In this case, laser pulses from the OMEGA laser illuminate the target with one spot in the
front and one spot in the rear (see figure 1 (C)). The laser pulse shape, energy, spot size,
and intensity are equal to that for the targets mentioned above. An x-ray streaked crystal
spectrometer is placed in front of the foil at an angle of 40 degrees from the target normal
to monitor the foil spectra. This spectrometer uses an RAP crystal and has a spectral

coverage of 3.7-5.6 keV.

Experimental Results
Figure 3 shows framing camera images of the laser-generated plasmas for 2 types
of foil at t=1.0 ns. Here, the upper imaged spot is generated by x-rays emitted from
plasmas from both sides of the foil. The lower spot is generated by a plasma facing the
framing camera. In Figure 3 (A), the backlighter is a pure Ti foil and the top spot is
generated by x-rays from a Ti plasma on both foil surfaces (‘double-sided’ laser-

interaction configuration). The lower spot shown in this image 1s produced by the Ti laser



plasma on the surface facing the camera and is equivalent to a single-sided backlighter.
Since there is a direct line-of-sight between this plasma and the framing camera, all Ti
spectrum lines can reach the framing camera MCP without absorption. Similarly, the Ti
plasma on the surface facing the camera for the upper laser spot can also reach the MCP
without reabsorption. X-rays from the Ti plasma formed on the rear foil surface must
propagate through the Ti foil prior to arrival at the framing camera. The colder regions of
this foil will act as a filter, preferentiaily absorbing the higher energy Ti lines. Since the
x-rays from this plasma propagate to the framing camera at a 40 degree angle relative to
the backlighter normal, the x-rays propagate through 16.6 um of Ti. Figure 4 (A) shows
an x-ray spectra produced by a Ti plasma illuminated by a laser pulse of intensity 5x10™
W/cm®. Shown in Figure 4 (B) is the calculated x-ray spectra after filtering by a 16.6 um
Ti foil, in which the filtering effect of the backlighter foil can clearly be seen. This
indicates that the x-ray fluence produced by the spots on the other side of the framing
camera will be composed primarily of the Ti He, and associated satellites (= 4.7 keV). In
figure 3 (B), the backlighter is a Sc/Ti foil . In this case, the laser generates a Ti plasma
facing the camera at both the top and bottom of the foil, and the laser generates a Sc
plasma on the rear surface of the foil. X-rays generated by the Sc plasma which reach the
camera propagate through the Sc/Ti foil, and this sandwich foil also acts like a filter. In

this case, the x-ray fluence which arrives at the framing camera will be composed




primarily of Sc He,, (4.29-4.32 keV) which is the only relevant Sc transition below the
cold Sc K edge at 4.5 keV. Figure 5 shows the ratio of total spatially-integrated x-ray
energy between the top and bottom spots shown in Figure 2 as a function of time for both
Ti and Sc/Ti foils. Since the bottom spot is produced by single-sided Ti backlighter, the
ratio shown in figure 5 is the ratio of double-sided x-ray yield for Ti and Sc/Ti
backlighters to the yield for a single-sided Ti backlighter. The energy ratio measured for
the double-sided Ti foil is roughly similar to that measured for the Sc/Ti foil. This
indicates that, within the error of the measurement, the emissivity below the respective
cold K edges for the Ti and Sc/Ti foils is the same. This plot also shows tﬁat the time-
averaged broadband emissivity of the double-sided Ti backlighter is approximately 60%
larger than that of a single-sided Ti backlighter in early time (t<1 ns), while the time-
averaged emissivity of the Sc/Ti backlighter is approximately 20 % greater than that of a
single-sided Ti backlighter in early time (t<1 ns).

Figure 6 shows the emitted spectra recorded by the streaked spectrometer of a
double-sided Ti x-ray spot and a double-sided Sc/T1 x-ray spot at t=860ps. This spectra is
recorded from the laser interaction geometry shown in figure 1 (C), and there is one
overlapping laser spot on front and rear of the sandwich foil. The Sc He, and the Ti He,
is clearly shown. Recorded spectra allows us to measure the relative He, line emission of

the double-sided Ti and Sc/Ti foils compared to that of a single-sided Ti backlighter.




Since the spectra shown for the Sc/Ti double-sided backlighter in the energy range 4.6
keV to 4.9 keV is produced entirely by the Ti He, emission from the Ti plasmas facing
the spectrometer, we integrate the Sc/Ti spectral intensity in the range of 4.6 keV to 4.9
keV to get the integrated Ti He,, intensity of the single-sided Ti backlighter. Integrating
the double-sided Ti spectra over this spectral gives the integrated Ti He,, intensity of the
doublé—sided Ti backlighter. Figure 7 shows the ratio of Ti He, intensity for double-sided
and single-sided backlighter spots. We integrated the Sc/Ti spectra in the range of 4.2
keV to 4.9 keV to sum the intensity of both the Sc He, and the Ti He, lines. The ratio of
this integrated intensity to the integrated Ti He intensity of the single-sided Ti
backlighter is also shown in Figure 7. The figure shows that, within the error of the
measurement, the time-averaged Ti double-sided backlighter emissivity in this range of
x-rays energies is approximately 80% greater than that of a single-sided backlighter in
early time (t < Ins). The Sc/Ti double-sided backlighter emissivity in this range of x-rays
energies is approximately 40% greater than that of a single-sided Ti backlighter in early

time (t<lns).

Conclusions
The relative x-ray yields of double-sided Ti and Sc/Ti backlighter foils were

compared to a single-sided backlighter foil. The time-averaged broadband (4.0-7.0 keV)




double-sided Ti backlighter emissivity is 60% greater than that of the single-sided Ti
backlighter in early time (t < lns), and the time-averaged narrow band (4.2 —4.9 keV)
double-sided Ti backlighter emissivity is 80% greater than that of the single-sided Ti
backlighter in early time (t < 1ns). The time-averaged broadband (4.0-7.0 keV) double-
sided Sc/Ti backlighter emissivity is 20% greater than that of the single-sided Ti
backlighter in early time (t < Ins), and the time-averaged narrow band (4.2 -4.9 keV)
double-sided Sc/Ti backlighter emissivity is ;10% greater than that of the single-sided Ti

backlighter in early time (t < Ins).
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Table of Figures
Figure 1. Diagram of laser target. The backlighter foil consists of either a 12.7 um Ti foil
or a combination foil composed of 7 wm of Sc and 7 wm of Ti. In (A) and (B), the target
is observed by a x-ray framing camera. In (B), this framing camera is placed on the same

side as the Ti foil. In (C), the streak camera is placed on the same side as the Sc foil.

Figure 2. Plot of cold Ti and Sc x-ray transmission for x-rays propagating into the x-ray
framing camera. Here the absorption is calculated using a pathlength of 9.1 pm, since the

framing camera is placed 40 degrees from the surface normal of each 7 um foil.

Figure 3. Images of laser-generated plasma on foil surface. In (A), the backlighter is Ti,
and in (B), the backlighter is Sc/Ti. The upper spot is produced by x-rays generated by
laser plasma on both foil surfaces. The bottom spot is generated by laser plasma on the
front Ti surface (a ‘single-sided’” backlighter). The framing camera is placed to view the

Ti front foil surface.

Figure 4. Plot of Ti backlighter spectra. Spectra (A) shows the emission from a Ti plasma
with an unobstructed line-of-sight to the spectrometer. Spectra (B) show the calculated
emission spectrum after filtering by a cold 16.6 um Ti foil. The spectrometer is placed to

view the Ti front foil surface.

Figure 5. Plot of the ratio of x-ray yield for double-sided Ti and Sc/Ti backlighters to the

yield for a single-spot Ti backlighter (‘single-sided” Ti backlighter).




Figure 6. Plot of the He-alpha x-ray spectra emitted from a double-sided Ti foil and a
Sc/Ti foil at a time t= 860ps. Note that this spectra is produced by a single spot on the

front and rear foil surfaces.

Figure 7. Plot of the ratio of x-ray emissivity of double-sided Ti and Sc/Ti backlighter to
that of a single-sided Ti backlighter spots for the x-ray range 4.2 keV to 4.9 keV. As

shown in figure 5, this energy range included only the Ti and Sc He,, spectral lines.
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